for this survey, since they were shown by review of the literature to be the most commonly affected bones. Twenty-eight of 35 living members were filmed, with demonstration of 6 additional affected individuals. Individuals in the direct genetic line and hence presumably having the mutant gene received complete skeletal surveys, with only one exception (II.10). Clinical and radiological findings are summarized in Table I . The two propositi are described in detail below.
Case 1. This boy (E.T., IV.1 see Fig.2 ) had a long history of easy fatiguability, inability to gain weight, and deformities of the extremities. He seemed normal until he began to walk at 15 months, when he was noted to have a waddling gait and to cry frequently when he walked.
He gained only 13 lb between 1 and 6 years, at which time he appeared to be very thin but of normal height. He had marked pronation of his feet. A biopsy from the anterior cortex of the tibia showed 'osteopetrosis', a diagnosis which he carried for several years. At 7 years of age, serum phosphorus and alkaline phosphatase were normal.
A severe genu valgum deformity was noted by his 8th year; this-associated with marked weakness-permitted him to attend school only half time. A 24-hour urine calcium excretion was elevated at 0-185 g. Liver and renal function tests were normal as was a cerebrospinal fluid examination; a serological test for syphilis was negative. He did reasonably well in school until the age of 11 when he left school because of further difficulty in walking. As part of a home study programme, he became skilled as a painter.
At 18 years of age he was a tall, extremely thin youth with little muscle mass but with no muscle paralysis. Movement of the shoulders was limited to 90 degrees of elevation. He had a minimal left thoracic and right lumbar scoliosis. A valgus deformity of 35 degrees in both knees resulted in a 25-cm gap between medial malleoli with the knees together. Flexion contractures of both knees prevented full extension, although they could be fully flexed. Both tibias had 45 degrees of external rotation. Pubic hair and external genitalia were normal male. A grade 2/6 high pitched diastolic heart murmur was heard in the second intercostal space along the left sternal border. Routine blood and urine studies were within normal limits, as were serum calcium, phosphorus, and alkaline phosphatase. To correct the lower limb deformities, bilateral tibial and fibular osteotomies were performed. The bones had increased vascularity and were softer than expected from their radiological appearance. An uneventful postoperative course was followed by bilateral femoral supracondylar osteotomies. This resulted in a markedly improved alignment of the legs so that subsequently his gait was improved and he was able to return to school.
Histological examination of bone biopsies from the tibias and femurs showed a thickened periosteum without evidence of inflammation. The walls of the small blood vessels were thickened and the bone cortex showed a dense compact structure with normal haversian systems and minimal osteoblastic and osteoclastic activity.
At 20 he had a protein bound iodine of 6-0 tig%, serum vitamin A of 7 units, serum creatine of 0 7 mg°', normal male buccal sex chromatin study, and normal peripheral nerve conductivity, and electromyograms.
A biopsy of the right fibular epiphysis showed osteoporotic bone and a normal growth plate with minimal evidence of activity; a muscle biopsy was normal and showed no changes in the blood vessels.
When last seen at age 26 he had progressive hearing difficulty and balance problems. On examination there was total deafness on the right, associated with facial paralysis and considerable decrease of auditory function on the left. Craniotomy was performed with bilateral decompression of the slit-like internal auditory canals, and some improvement was initially noted. There was marked overgrowth of the skull internally, and intracranial pressure was mildly elevated. His (Fig. 5 ). As in case 1, the shoulders, thorax, spine, pelvis, hands, and feet were entirely normal. Bone age was determined to be no more than 124 years, a very marked retardation.
Other Family Members
Clinical and Radiological Findings. On survey of the family, 6 additional cases of Camurati-Engelmann disease were discovered (see Table I and Fig. 1 ). The degree of skeletal abnormality ranged from the most severe in a 55-year-old woman (III.8), in whom it was especially noteworthy that her mandible was markedly involved, to milder but obvious long bone hyperostosis and sclerosis in her 3 younger sisters. The most common complaint was leg aches, but 3 radiologically affected manifest disorder to propositus IV.1, his mother (III.1) was filmed in greater detail. However, her skeleton appeared entirely normal.
In general, those family members who showed more severe clinical alterations also had more extensive radiological bone abnormalities, while asymptomatic persons demonstrated relatively minimal changes. family members were entirely asymptomatic. Four were normal on routine physical examinations. One affected individual (II.10), due to lack offull cooperation, only allowed filming of her pelvis through the upper tibias-fibulas; her femurs were typically involved.
One additional family member (II.6) had a very strong history suggestive of Camurati-Engelmann disease, but she refused x-ray screening and physical examination and is not included as an affected member of the family. Both male ancestors (II.1 and III.2) in the direct genetic line to the affected propositus (IV. 1) showed considerably more 'bone sclerosis' than matched individuals of their age and activity level; however, with negative histories and without other physical manifestations, these were ultimately assigned to the negative findings category.
Because of this apparent two generation 'skip' of the (Clawson and Loop, 1964) emphasized the orthopaedic aspects of the disorder in our propositus E.T. (IV.1).
Twenty-eight family members had an x-ray screening examination of the femurs, and 8 family members (including the 2 propositi) were detected with bone changes indicative of this syndrome. The detailed findings of these affected individuals are found in Table I and their relationships are noted in the pedigree. In addition, one of the family members (II.6), who did not have x-ray examinations, had symptoms suggestive of this disorder.
Examination of the pedigree in Fig. 1 reveals 2 propositi. The first (IV.1) was said to have a negative family history when initially seen, and x-ray examination of other family members was not undertaken at that time. Subsequent to this, the second propositus (IV.12) was seen independently.
An extensive family pedigree indicated that the two propositi were indeed second cousins. Thus, the present family was ascertained because two affected individuals had severe manifestations, including muscle weakness, leg pain, and retarded sexual maturation. Three others (III.8, III.16, and IV.7) had mild symptoms or signs and 3 more (II.10, III.18, and III.11) were detected only by radiological study. This illustrates the importance of this valuable diagnostic tool in giving genetic counselling to relatives of patients with CamuratiEngelmann disease. However, it is of interest that a severely affected individual (IV.1) had asymptomatic parents and grandparents who showed no definite radiological abnormalities. Because of the rarity of this disorder and the close relationship of the two propositi, it seems very likely that the gene was present in the father (III.2) and the grandfather (II.1) of case 1 (IV.1). If Confirmed affected families, except our own, are summarized in Table II (pp. 78-81). These 20 families still include at least one which is questionable (Ramon and Buchner, 1966 ), because of the childhood mandibular changes and the lack of early muscular abnormality. It is interesting that the propositus in the family of Trunk, Newman, and Davis (1969) has been reported on 3 previous occasions (Riley and Schwachman, 1943; Neuhauser et al, 1948; Jackson, Hanelin, and Albright, 1954) as a sporadic case, but these were before his recent parenthood. McKusick (1966) noted that restudy of the sporadic case presented by Singleton et al (1956) showed 3 affected generations, but this was not detailed and the family is not included in Table  II . Lennon, Schechter, and Hornabrook (1961) also noted that Roth in 1957 reported an affected 18-year-old youth whose father and 14-year-old brother were similarly affected; this family is not included in Table II The familial or hereditary nature of this disorder has often been overlooked in the past and it is said to be nonhereditary in several current textbooks. As illustrated in our present family, a negative family history is no assurance that other family members are not affected. This does not rule out the possibility that the sporadic cases are different from the familial cases although they have the same phenotypic manifestations. However, the 21 affected families, including our own, clearly indicate a strong familial or hereditary aspect of this problem in some instances.
The family studies also demonstrate the considerable variability of the manifestations of apparently the same gene within a family. Because of this and because of the essentially typical but minimal findings in the cases of Ribbing (1949) and Paul (1953) Six familial instances (Ribbing, 1949; Paul, 1953; Bedogni, 1962; Ruelle and (Griffiths, 1956; Lennon et al, 1961; Rubin, 1964) . The possible 'endocrine aspect' was first recognized in the report of Cockayne (1920) in which Parkes Weber noted this possibility, and it has also been further commented upon by others (Neuhauser et al, 1948; Patz and van Heerden, 1960; Lennon et al, 1961) . Whether the retarded bone maturation and delayed puberty in our probands is due to an endocrine imbalance is not clear. Because clinical manifestations show considerable variability, the radiological criteria for diagnosis as noted by Neuhauser et al (1948) still remain very helpful in making a specific diagnosis. These include: usually symmetrical skeletal distribution; fusiform enlargement of the diaphyses of the long bones; thickening of the cortex by endosteal and periosteal accretion of mottled new bone without recognizable trabecular pattern; abrupt demarcation of the lesion with loss of normal trabeculation, the involved cortex being irregularly dense; progression of the lesion along the long axis of the bone in both proximal and distal directions with gradual alteration of previously normal bone; soft tissue changes similar to those of underdevelopment of muscles and malnutrition; and normal epiphyses and metaphyses. Neuhauser's suggestion that there is 'elongation of the extremities relative to the size of the child' is not supported by our family study and survey of the literature. The extremities appear elongated because of extreme thinness, but are normal or shorter in length when compared to these bones in normal sibs of the patients.
Although these bony abnormalities are only part of the syndrome, they appear to represent the most specific and constant manifestation. Involvement of the femurs and tibias seems to be most common. However, most tubular bones, as well as the skull, have been affected. Because one cannot be certain that all the described cases represent Camurati-Engelmann disease, it is not entirely possible to be certain that some of the more unusual findings are part of the syndrome. Nevertheless, based upon our acceptance of certain cases, the following appear to be some of the uncommon regions of bone involvement: pelvis (Sear, 1948; Anderson, 1953) ; mandible (Chipps et al, 1954; Wetzel, 1964; Ramon and Buchner, 1966) ; clavicle (Sear, 1948) ; and ribs, metacarpals, phalanges, and spine (Mottram and Hill, 1965) .
There are relatively few other conditions to consider in a differential diagnosis of CamuratiEngelmann disease and their radiological differentiation is discussed elsewhere (Graham and Sparkes, 1972) . However, a large number of conditions have been previously considered in the differential diagnosis, including Paget's disease, familial metaphyseal dysplasia, leontiasis ossea with generalized bone changes, hyperostosis generalizata with pachydermia, osteopetrosis, melorheostosis, renal osteodystrophy, fibrous dysplasia, Caffey's disease (infantile cortical hyperostosis), fluorosis, heavy metal poisoning, myelosclerosis, osteoblastic carcinomatosis, Garre's osteomyelitis, Brodie's abscess, osteoid osteoma, hypervitaminosis A, congenital lues, osteomyeloreticulosis, osteopoecilia (spotted bones), and epiphyseal dysplasia (Sear, 1948; Cohen and States, 1956; Griffiths, 1956; Lennon et al, 1961; Ruelle and Dubois, 1964; Wetzel, 1964; Ramon and Buchner, 1966 (Riley and Schwachman, 1943; Ribbing, 1949; Bingold, 1950; Gulledge and White, 1951; Paul, 1953; Chipps et al, 1954; Griffiths, 1956; Singleton et al, 1956; Mikity and Jacobson, 1958; Rubin, 1964; Trunk et al, 1969) . However, Allen et al (1970) were particularly impressed by the apparent absence of osteoclasts with definite evidence of decreased bone resorption; in one patient a good clinical response to steroid treatment was associated with increased bone resorption and histological evidence of osteon formation with secondary remodelling. The vascular thickening which has been observed in some cases (Singleton et al, 1956; Bedogni, 1962; Ioppolo and Marino, 1964; Anczykowa et al, 1967; Trunk et al, 1969 ) is provocative and might be related to the localization of the boney changes to the diaphysis, because of its relatively limited vascularization (Singleton et al, 1956) .
Necropsy of one alleged case (Cohen and States, 1956) showed very dense bone at the base of the skull and no air sinuses in the frontal or ethmoid region at about 7 years of age. The ribs were normal, but the cortex of these bones was moderately thickened, although smooth. All long bones showed marked thickening in the region of the diaphysis. There was narrowing of the medullary cavity. The metatarsals and metacarpals were also involved. The membranous bones of the skull showed the same histological changes as did the diaphyses of the long bones. There was disappearance of the compact bone structure with its replacement by cancellous bone of an abnormal pattern. Active remodelling processes were present in all sections and only rudimentary haversian systems were seen. The periosteum showed increased accretion and resorption. The recently deposited subperiosteal new bone showed resorptive lacunae, as well as lightly stained seams indicating accretion. The periosteum was especially thickened in the cambial layer where multiple layers of osteoblasts were found.
Thus, the gross and histological findings, particularly of the bones, do not specifically identify the basic problem, although the observed vascular changes perhaps could be related to some of the nonosseous abnormalities in muscle and in endocrine function.
Genetic Aspects. It is not certain that the sporadic and familial cases represent the same disorder, but there is insufficient clinical, radiological, or laboratory evidence to indicate that they are different. The family studies are most suggestive of an autosomal dominant trait. The lack of family studies in the sporadic cases do not give insight into the possibility of their representing phenocopies or perhaps new mutations. Further, it is not entirely clear whether all familial cases represent the same basic disorder or may be genocopies.
The variability observed in our family as well as in the reported familial cases is typical of dominant disorders. The reason for this variability is generally unknown, but one has to consider at least the following possibilities: multiple normal isoalleles; multiple mutant alleles at the same locus causing the disease; the presence of different nonallelic modifiers; and environmental modifiers, which are of particular interest because they could offer important clues to treatment of this disorder.
Review of the literature suggest that Caucasian persons have most commonly been affected, but this may reflect a limited geographic interest in these disorders. However, Negroes (Girdany, 1959) , a Filipino (Gulledge and Winter, 1951) , a Jew (Lennon et al, 1961) , and an Indian (Shetty et al, 1968) , have also been found to be affected.
Chromosome studies have been undertaken in 3 instances (Ioppolo and Marino, 1964; Galimberti, 1966; Trunk et al, 1969) and have been normal.
Therapy. Relatively few attempts at systemic treatment have been tried in these patients. Oestrogen and testosterone therapy produced no effect in one instance (Griffiths, 1956 ). There has been some suggestion that muscle weakness may improve with exercise, but this may be related to the general problem of the progressive or nonprogressive nature of Camurati-Engelmann disease. Several studies have documented that the osseous changes may be progressive into adulthood (Ribbing, 1949; Jackson et al, 1954; Griffiths, 1956; Wetzel, 1964; Mottram and Hill, 1965; Trunk et al, 1969) . Studies showed minimal progression of bone lesions in one adult patient (Mikity and Jacobson, 1958) . The progression may be related to the general severity of the problem in a given instance. The earlier reported treatment of patient E.T. (Clawson and Loop, 1964) indicates that surgical therapy may be a reasonable approach to some boney deformities. The usual analgesics have been generally unsuccessful in significantly alleviating the curious leg aches.
Two recent reports (Royer et al, 1967; Allen et al, 1970) have indicated a good symptomatic response to corticosteroid treatment in four patients. One child (Royer et al, 1967) even seemed to show normalization of x-ray bone changes, while pre-and post-treatment bone biopsies in another (Allen et a!, 1970 ) demonstrated increased bone resorption and histological evidence of osteon formation with secondary remodelling, changes more towards normal. At present there seems to be no explanation for the response to steroids, but as the authors indicate these results suggest that steroids deserve further clinical trials in the treatment of this disease.
Summary
Clinical and radiological investigations of a large family with Camurati-Engelmann disease demonstrate the wide variability in expression of the manifestations, suggest that the familial distribution is most compatible with an autosomal dominant disorder, and show radiological examination to probably be the best current diagnostic aid in determining the presence of the disorder. Familial and sporadic cases from the literature are critically reviewed to assess diagnostic accuracy based on both clinical and radiological findings. Current understanding of the genetics of CamuratiEngelmann disease, the histology of affected bones, and possible therapies are also considered.
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